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We present the X-ray properties of a sample of 17 radio sources observed with the Chandra X-ray
Observatory as part of a project aimed at studying the X-ray emission from their radio jets. In this paper,
we concentrate on the X-ray properties of the unresolved cores. The sample includes 16 quasars (11 core-
dominated and 5 lobe-dominated) in the redshift range z=0.30{1.96, and one low-power radio-galaxy at
z=0.064. No diuse X-ray emission is present around the cores of the quasars, except for the nearby low-
power galaxy that has diuse emission on a scale and with a luminosity consistent with other FRIs. No
high-amplitude, short-term variability is detected within the relatively short Chandra exposures. However,
1510−089 shows low-amplitude flux changes with a timescale of 25 minutes. The X-ray spectra of the
quasar cores are generally well described by a single power law model with Galactic absorption. However,
in six quasars we nd soft X-ray excess emission below 1.6 keV. Interestingly, we detect an Fe K-shell
emission line, consistent with fluorescent Kα emission from cold Iron, in one lobe- and two core-dominated
sources. The average X-ray photon index for the quasars in the sample is Γsample = 1.66 and dispersion
σsample = 0.23. The average spectral slope for our sample is flatter than the slope found for radio-quiet
quasars and for radio-loud AGNs with larger jet orientations; this indicates that beaming aects the X-ray
emission from the cores in our sample of quasars. Galaxies: active { radio continuum: galaxies { galaxies:
quasars: emission lines { X-rays: general
Introduction
An important distinction in the quasar class is between radio-quiet and radio-loud active galactic nuclei
(AGNs), based on their optical-to-radio flux ratios (e.g., Kellermann et al. 1989). While the ultimate source
of power is thought to be the same for both classes of AGNs (i.e., accretion of gas onto a supermassive black
hole; Antonucci 1993; Urry & Padovani 1995), there are subtle but systematic dierences in the continuum
and line properties from radio to optical/UV wavelengths between the classes (Sanders et al. 1989; Miley &
Miller 1979; Yee & Oke 1978). X-ray observations of both types of sources probe the inner regions and can
thus help discriminate the origin of the radio-loud/quiet dierence. However, while radio-quiet quasars have
been extensively studied at X-rays (e.g., George et al. 2000; Fiore et al. 1998; Nandra et al. 1997a,b), the
X-ray properties of radio-loud AGNs are relatively less well known (e.g., Sambruna, Eracleous, & Mushotzky
2002a and references therein). The study of the nuclear X-ray emission from radio-loud quasars with previous
X-ray satellites was generally hampered by poor angular resolution and/or sensitivity.
Earlier studies of AGNs at medium-soft X-rays with Einstein and ROSAT showed that radio-loud
quasars have signicantly flatter continuum slopes, Γ  1.5, than their radio-quiet counterparts, Γ  2.0
(Fiore et al. 1998; Nandra et al. 1997a,b; Shastri et 1991; Wilkes & Elvis 1987). This was attributed
to dilution of the core emission by a beamed X-ray component from the jet. Recent systematic studies of
radio-loud AGNs at harder X-rays with ASCA conrmed that radio-loud quasars are flatter, Γ  1.6, than
radio-quiet quasars (Reeves & Turner 2000). However, observations of Broad-Line Radio Galaxies (BLRGs)
and double-lobe quasars, believed to be at larger jet orientations, indicate steeper slopes (Γ  1.8) more
similar to Seyferts (Hasenkopf et al. 2002; Sambruna, Eracleous, & Mushoztky 1999).
In low-luminosity radio-quiet AGNs, Fe K-shell emission is a relatively well known property. In several
Seyfert 1s a prominent Kα fluorescent emission line from cold Fe was detected with ASCA at rest-frame
energies 6.4 keV, with Equivalent Widths (EWs)  250 eV (Nandra et al. 1997b). However, the presence
and the nature of Fe K emission at higher luminosities is not yet established. Nandra et al. (1997a) detected
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an Fe line in a radio-quiet quasar at energies higher than 6.4 keV, consistent with emission from highly
ionized Iron. A highly ionized Fe line, observed by ASCA with energies consistent with emission from Fe
XXV-XXVI, may be common in radio-quiet quasars (Reeves & Turner 2000). An ionized Fe line was recently
conrmed in a high-redshift quasar with XMM-Newton (Reeves et al. 2001).
However, Fe K emission is rare in radio-loud AGNs. So far, a weak and generally narrow Fe Kα
emission line was observed in the brightest BLRGs (see Sambruna, Eracleous, & Mushotzky 2002a and
references therein), and more recently in 3 high-luminosity (L2−10 keV  1045 ergs s−1) radio-loud quasars
(Hasenkopf et al. 2002). While there is evidence that Fe K emission and other reflection features in BLRGs
are intrinsically weak (e.g., Eracleous, Sambruna, & Mushotzky 2000), an additional diculty in their
detection is the presence of diuse X-ray emission from the host galaxy/associated cluster of galaxies, which
may dilute any intrinsic (weak) Fe emission lines from the active nucleus in low-resolution observations.
The advent of the Chandra X-ray Observatory, with unprecedented angular resolution (0.49200/pixel)
and improved sensitivity, makes signicant progress possible in the study of the X-ray emission from the cores
of radio-loud quasars. With Chandra, the X-ray emission from the nucleus can be isolated from the extended
(kiloparsec-scale) jet emission and other extended components (e.g., thermal radiation from a cluster). Also,
the X-ray spectral index and other features in the spectrum can be better quantied.
In this paper, we report on the X-ray properties of the nuclei of 17 radio-loud sources observed with
Chandra. The sample was selected based on the properties of the extended radio features as part of a survey
aimed at nding the jet X-ray and optical counterparts with Chandra and the Hubble Space Telescope (HST).
The Chandra and multiwavelength jet properties of the rst six observed sources were discussed in Sambruna
et al. (2002b), while the remaning sources will be presented in a future publication. Here we concentrate on
the X-ray properties of the cores in our Chandra images.
The plan of the paper is as follows: Section 2 presents the sample, the Chandra observations, and the
analysis methods, Section 3 describes the results of the spatial, timing, and spectral analysis, and Section 4
discusses the implications of Section 3. Throughout this work, H0 = 75 km s−1 Mpc−1 and q0 = 0.5 are
adopted.
Observations table*[] center tabularllccccc 7lTable 1: Sample Sources and their Basic Properties
Notes: a=The quasar 1040+123 is known to be a lobe-dominated source with a variable nucleus (Hough
& Readhead 1989). However, this core was brighter than it had been previously during the epoch of our
archival observation, hence the Ri value greater than unity. We classify this object as a lobe-dominated
SSRQ in our discussion, as previous observations have established (Hough & Readhead 1989).
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